Rational engineering of a fluorescein-binding anticalin for improved ligand affinity.
The anticalin FluA is an artificial lipocalin with novelspecificity for the fluorescein group, which was engineered from an insect bilin-binding protein by targeted random mutagenesis and selection. Based on the crystal structure of FluA, an attempt was made to improve the complementarity of its ligand pocket to fluorescein by rational protein design. Several side chains participating in sub-optimal interactions with the ligand were identified and replaced by residues that promised a better steric fit. As a result, the substitution of Ala45 by Ile and of Ser114 by Thr or Arg led to a tight affinity of ca. 1 nM, which is approximately 30-fold better than that of the parental anticalin. Similar to the original FluA, the improved version shows almost complete quenching of the bound ligand fluorescence. Interestingly, the quenching effect was significantly reduced when Trp129 was replaced by Tyr, thus supporting the previously postulated role of this residue, which closely packs against the bound ligand, for efficient electron transfer to the excited fluorescein. Circular dichroism spectra revealed that all variants investigated had retained the lipocalin fold. Corresponding thermal unfolding experiments confirmed similar folding stabilities, with melting temperatures ranging from 52.9 to 60.5 degrees C (i.e., for the high-affinity variant).